Intrahospital transportation of critically ill patients is associated with significant complications. In order to reduce overall risk to the patient, such transports should well organized, efficient, and accompanied by the proper monitoring, equipment, and personnel. Protocols and guidelines for patient transfers should be utilized universally across all healthcare facilities. Care delivered during transport and at the site of diagnostic testing or procedure should be equivalent to the level of care provided in the originating environment. Here we review the most common problems encountered during transport in the hospital setting, including various associated adverse outcomes. Our objective is to make medical practitioners, nurses, and ancillary health care personnel more aware of the potential for various complications that may occur during patient movement from the intensive care unit to other locations within a healthcare facility, focusing on risk reduction and preventive strategies.
INTRODUCTION
Intrahospital transport (IHT) consists of the movement of a patient from one physical location within the hospital to another. Such transfers may be temporary (e.g., to obtain diagnostic imaging) or for a longer term (e.g., transfer from inpatient ward to an intensive care unit), and are critical transitions in which complications and death may occur. [1] [2] [3] [4] Risks associated with IHT have been suggested to be independent of the duration of hospitalization. [5] Of interest, the distance travelled between locations may affect care delivery, quality and outcomes. [6, 7] The benefits of IHT must outweigh the risks, and a triage-like process should be instituted and followed in order to optimize the risk-benefit ratio for each IHT. [8] No patient should be transported for a test or procedure that is unlikely to alter care. Guidelines have been promulgated by the Society of Critical Care Medicine for the intrahospital transport of critically ill patients, [9] and, more recently, by French critical care societies. [10] The availability of checklists and/or the presence of specially trained personnel may mitigate complications and untoward outcomes. [1, [11] [12] [13] Physicians must be aware that such transfers may be time consuming for nurses and require significant team effort and specific knowledge. [14, 15] Finally, whenever a point-of-care alternative of similar clinical utility is available, such option should be considered (e.g., as part of established clinical pathways) before exposing the patient to the risk of IHT. [16] [17] [18] [19] [20] Many issues related to IHT can be attributed to difficulties with equipment and/or clinical management of patients. [21] These factors combine with environmental factors related to IHT origin and destination settings, contributing to a unique and difficult to predict risk profile [ Figures 1 and 2] . A concise review of common physiologic insults arising during IHT is lacking and would be of value for implementation of targeted strategies to ameliorate IHT related complications. Herein, we assess the impact of IHT on the respiratory system, hemodynamics (including loss of intravenous access), traumatic injury, nosocomial infections, acid-base homeostasis, glucose regulation, among other aspects. The purpose of this review is to provide a high-level overview of key complications associated with IHTs, allowing the reader to use it both as a clinical guide and a reference source for further research.
PULMONARY COMPLICATIONS INCLUDING AIRWAY LOSS
Airway-related and pulmonary complications can occur during IHT, especially in the intensive care unit (ICU), trauma, and perioperative settings where a relatively high proportion of patients require mechanical ventilation thereby leading to an added complexity of the transport process. Symptomatic pneumothorax and atelectasis occur at an increased frequency in patients undergoing IHT. [1] In fact, the risk of pneumothorax may be elevated more than 2-fold while the occurrence of atelectasis may be increased nearly 3-fold in patients undergoing IHT. [1, 22, 23] Furthermore, there may be increased risk of developing deep vein thrombosis in transported patients (odds ratio of 4.5), which may subsequently lead to increased incidence of pulmonary embolism. [1] Airway displacement risk may also be significant, yet it often is an under-recognized problem. Extrapolating from out-of-hospital transfers involving 77 pediatric and neonatal intubated patients, post-intubation chest roentgenograms demonstrated that the endotracheal tube was malpositioned in nearly half of the cases. [24] Although risk of similar occurrences during IHT may be lower, it is likely not negligible, and patient movement/ transportation is likely to cause airway positioning challenges. Parmentier-Decruq et al. [5] examined a cohort of 262 mechanically ventilated patients who underwent IHT. Of all adverse events, 0.4% included accidental extubation, 8.8% involved oxygen desaturation, and 17.6% were incidents involving airway-related equipment. [5] Of note, risk factors for oxygen desaturation included positive end-expiratory pressure (PEEP) of >6 cmH 2 O as well as the use of treatment modification(s) for transport. In the aforementioned study, the largest sub-group of adverse events were equipment related incidents, including improper alarm settings and battery issues related to airway monitoring devices. [5] Of note, the presence of anesthesia trainees during patient transport activities was associated with fewer equipment related events, likely due to better familiarity with equipment and the ability to anticipate potential problems. In another report, Venkategowda et al. [25] examined a cohort of 254 ICU patients and again demonstrated that the majority of unexpected events during IHT were related to equipment malfunction. Unexpected events occurred in 139 patients, and 64% of adverse events were related to equipment issues such as oxygen probe displacement. [25] Furthermore, oxygen desaturation accounted for 10.8% of recorded adverse events.
In a study by Papson et al. [26] intrahospital transports involving 297 critically ill patients were characterized by as many as 640 unexpected events (e.g., 2.15 events per patient). Thirty events were considered significant, including 4 necessitating securing of the airway. Oxygen desaturation comprised 2.3% of unexpected events while equipment related events (probe disconnection, ventilator circuit leaks and ventilator failure) accounted for 11.3%. Furthermore, accidental extubation has been estimated to occur in nearly 1% of transports involving 1,659 ventilated patients in another study. [1] Although a rarity, attention should be given to accidental extubation as the risk of rapid patient demise without prompt intervention is inherent. Targeted prevention measures and experienced staff capable of providing ventilation and performing emergent airway intubation are invaluable during transport to prevent airway loss and reducing delays in reestablishing a definitive airway. of illness/severity of injury); system factors (e.g., environment change, lack of safety procedures, inadequate facilities, equipment deficiencies or failures); and personnel factors (e.g., poor communication, inadequate training, insufficient staffing, lack of supervision). The above factors frequently interact in a synergistic fashion to result in potential or actual patient harm
Outcomes with manual ventilation have also been compared to mechanical ventilation. One prospective study [27] examined transfers of 36 ventilator-dependent patients, of whom 20 received manual ventilation with a ventilatory bag while 16 patients were transported using portable mechanical ventilators. Fourteen out of the 20 manually ventilated patients experienced changes in parameters on arterial blood gas analysis (e.g., changes in pCO 2 > 10 mmHg or changes in pH >0.05). There were significantly fewer alterations in the group that received mechanical ventilation compared to manual ventilation (P < 0.01). [27] In summary, pulmonary complications associated with IHT are often attributed to equipment related issues and may be increased with manual ventilation relative to mechanical ventilation. This understanding should form the framework for the development of systematic solutions to circumvent and/or prevent such problems. Furthermore, experienced team members accompanying the transported patient can (and should) facilitate prevention, early recognition and definitive treatment of potential respiratory/pulmonary complications that may occur during IHT.
HEMODYNAMIC COMPLICATIONS
Hemodynamic alterations during IHT are always a reason for concern and require a great deal of vigilance. In a study involving 35 patients transported from an ICU, with vital signs measured at nine separate time points [11] and the majority of patients (77%) intubated, a substantial decrease in blood pressure was noted in 19 patients (54%). In addition, one patient developed significant hypotension (systolic blood pressure <90 mmHg). [11] Another study of 37 IHTs in mechanically ventilated patients demonstrated evidence of non-trivial heart rate increases during patient transports. [28] Specific patient populations appear to be more vulnerable to hemodynamic alterations than others. One study of patients with coronary artery disease reported arrhythmias in 84% of patients transported from the ICU. [29] Likewise, a high incidence of cardiac instability was found in postoperative patients during intrahospital transports. [30] Cardiac arrest remains a serious concern for critically ill patients undergoing IHT. The incidence of this dreaded complication is between 0.34% and 1.6%. [21, 26, 31, 32] This variability might be partly attributed to inadequate monitoring during transportation, particularly when staff members with limited experience or less preparation are involved. [5] Cumulatively, the above studies provide evidence for the risk of tachycardia, hypotension, and cardiac complications during IHT. Cardiac arrest occurs at a lower frequency but the consequences can be so devastating that it might be considered by some a "never event". A great deal of attention should be devoted to vulnerable populations such as those with coronary artery disease and post-surgical patients as the potential for cardiac related problems is magnified in those groups.
INFECTION
Nosocomial infections are among the leading causes of morbidity and mortality in non-cardiac ICU patients. [33] Notably, IHT has been suggested as a potential risk factor for infection [ Tables 1 and 2 ]. Such risk may be present for both the patient being transported and for others who might potentially be exposed to the transported patient (e.g., in cases of highly contagious or resistant infectious agents). [34, 35] One study involving 521 patients on mechanical ventilation demonstrated that transport out of the ICU was independently associated with nearly 4-fold increase in odds of ventilator-associated pneumonia (VAP). [36] Severity of illness, patient gender, diagnosis, and potential risk factors for VAP including antibiotic administration, APACHE II score, bronchoscopy, and tracheostomy were all controlled for in the study design. [36] These findings were supported by another matched-cohort study where intra-hospital transport was associated with over a 3-fold increase in odds of VAP. [37] The largest study investigating this important topic in the context of IHT reported a nearly 1.4-fold increase in odds of VAP in a cohort of 6,242 patients. [1] Overall, the evidence supports the hypothesis that IHT is a quantifiable risk factor for the development of VAP. At the same time, the increased risk of infection associated with IHT should not become an impediment to obtaining medically indicated diagnostic tests and performing medically necessary procedures.
TRANSPORTING CRITICALLY INJURED PATIENTS
One frequently overlooked risk of transporting injured patients is the low, but very real, probability that an existing injury may be exacerbated in the process. This particular scenario can affect a variety of patients, but is especially important to consider in orthopaedic (e.g., extremity fractures) and neurosurgical patients (e.g., spine and/or brain injury), where various traction, monitoring and/or stabilization devices must be perfectly aligned and secured or patient functional outcomes may be affected. [38] Moreover, there is little to no room for error during such transports.
Spinal injury is among the most critical items on the list necessitating special attention. Minor patient manipulation without proper precautions may result in propagation of a sole skeletal related injury into one involving the spinal cord or other vital neurologic and vascular structures. [39] Specialized airway and stabilization equipment should be readily available for patients with cervical spine injuries, especially when potential respiratory or airway issues are present. [40] Orthopedic traction or splinting devices, including traction pins and casts do not completely immobilize fractures. [41] This, in turn, may result in secondary injury via distraction, misalignment, neurovascular damage, or other types of soft tissue injury. [42] Consequently, providers caring for these patients, across all healthcare settings, should exercise extreme caution when performing patient manipulation outside of minimal activities, supervised mobilization, and/or repositioning. Effective multi-disciplinary team approach is crucial to successful care of multiply injured orthopaedic patients. [43] Finally, the importance of the safe IHT of the brain-injured patient cannot be overemphasized. Picetti et al. followed 288 transports of brain-injured patients whose mean transport time was approximately 31 minutes. [13] Although >80% of the transports were scheduled and planned, there were 103/288 (36%) of patients who experienced complications (intracranial hypertension, oxygen saturation <90%, bronchospasm, ventilator dyssynchrony, hypertension or hypotension requiring intervention, and arrhythmias). In brain-injured patients, higher injury severity scores also place individuals at a greater risk of secondary insults during transportation.
Adequate resuscitation prior to transport may help reduce the number of such secondary insults. [44, 45] 
INTERRUPTION OF CRITICAL OR SPECIALTY THERAPIES
In addition to the potential for interruption in vital infusions (e.g., sedation, analgesia, vasopressor, inotrope) [26] and the ever-present potential for medication errors [46] during patient transports, there are various other therapies that must be maintained uninterrupted during IHT. [47] For example, a negative pressure wound therapy (NPWT) device intended to provide temporary abdominal coverage in patients with open abdomens should not be interrupted for more-than-minimal amount of time needed to exchange the fluid collection canister. If there is insufficient battery power or the canister overfills during patient transport, and cannot be readily replaced, the failure may result in unanticipated evisceration, need for unscheduled NPWT dressing change, or potentially emergent surgical intervention. Finally, a seemingly simple event as the loss of intravenous access can cause potentially serious problems. [12] Some of the complexities of patient transport considerations, including various continous therapies and life-saving devices, are schematically outlined in Figure 3 .
HYPOGLYCEMIA AND HYPERGLYCEMIA
Derangements of glucose homeostasis and its management can occur during IHT. Schwebel et al. [1] examined f a e over 3,000 IHTs for complications, including adverse events such as alterations in glucose. Hyperglycemia during IHT was nearly 2.3 times more likely when compared to control patients. [1] Likewise, the odds of IHT leading to an episode of hypoglycemia were elevated by a similar margin. [1] Glucose dysregulation may be related, in part, to transport practices such as discontinuation of insulin pumps and alterations in intravenous fluid infusions during transport. Because the degree of glycemic control and the associated glycemic variability both correlate with patient outcomes, [48, 49] close attention should be paid to glucose regulation during all phases of patient care, including IHTs. [50] It is advisable for clinical teams to include glycemic control as an integral part of pre-IHT debriefing.
ACID/BASE DISORDERS
Ventilator changes, alterations in intravenous fluid infusions, interruptions in vasoactive drug administration, as well as altered circulatory dynamics and end-organ perfusion can result in perturbations in systemic acid-base milieu during IHTs. Acidotic conditions may alter vasopressor effectiveness and predispose patients to arrhythmias. Braman et al. [27] evaluated arterial pH and PaCO 2 in critically ill patients transported on a mechanical ventilator compared to manual ventilation. Changes of magnitude greater than 10 mm Hg PaCO 2 and 0.05 pH units were used as cutoff points. Patients on mechanical ventilation experienced significantly fewer variations in PaCO 2 and pH compared to patients receiving manual ventilation (P < 0.01); fluctuations of arterial pH correlated with cardiac arrhythmias and cardiac arrest. [27] Zuchelo and Chiavone explored alterations of arterial pH (a change in arterial pH was defined as pH change >0.07 during transport) in 58 IHT patients and found that 17% of patients met this criterion, 8 patients had increased pH while 2 had decreased pH values. [51] After examining PaCO 2 values, it was discovered that four patients had decreased PaCO 2, while one had increased PaCO 2 . These data suggest that IHT may result in non-trivial changes in pH and PaCO 2 with the associated potential for alterations in patient physiology. [51] 
PERSONNEL AND EQUIPMENT CONSIDERATIONS DURING PATIENT TRANSFERS
There cannot be a discourse on the complications of IHT without addressing the importance of equipment and personnel. While IHTs should be reserved for diagnostic tests and procedures that are more likely to directly affect care, of equal importance is the presence of appropriately trained personnel, properly functioning equipment, adequate documentation, and pertinent checklists. [1, 5, [11] [12] [13] 21, [52] [53] [54] [55] Frequent patient and equipment checks are vital, as is the scrupulous pre-IHT preparation of the patient. [9, 21, 26, [56] [57] [58] Significant proportion of problems that occur during IHTs are related to equipment or monitoring. [52] Choi et al. [52] documented ECG lead failure (23%), monitor power failure (14%), combination of these two (10%), intravenous access (9%) or disconnection of medication infusion (5%), and ventilator disconnections (3%). Oftentimes these events were discovered at the destination site, before or after the intended test or procedure, but not during transportation.
Choi et al. implemented two interventions that together played a major role in decreasing adverse events during IHT. The first was training of the transport staff in the potential hazards through a formal 4-hour course, and the second intervention involved the use of a checklist before transportation. Some organizations actually have built special transfer boards to which equipment can be attached to reduce the likelihood of adverse events, [59] which can be used as part of a "safe platform" for moving patients. It is evident that effective communication and well-trained, properly prepared staff all play an important role, [9, 12, 21] as well as having a viable plan at the trip destination. [60] Along the same lines, there may be additional logistical issues to solve during trips to highly restricted areas, such as the Magnetic Resonance Imaging (MRI) suite, where mechanically ventilated patients must be placed on special ventilators that do not contain magnetically sensitive components. [61] Finally, certain monitoring capabilities may be lost for brief periods of time as patients undergo specialized testing (e.g., MRI scanning). [62] 
EMERGENT/UNEXPECTED SITUATIONS DURING INTRAHOSPITAL TRANSFERS
Team coordination, communications, and resources availability are vital should emergency or unexpected situations occur during IHT. Examples of some of the complexities associated with transferring critically ill patients are provided in Figure 3 , with focus on different types of equipment and considerations inherent to pre-transfer planning. It is important that a formal, written protocol for IHT is developed by a multidisciplinary team and evaluated by a quality improvement process of each institution. Transport protocols should include requirements for routine checks and maintenance of equipment used during transport and at destination. [63] Organization and collaboration with other health care providers in the receiving destination should be undertaken prior to the transport. The receiving team should confirm their readiness of receiving the patient for immediate procedure or testing before the transport commences. The keys to ensuring a smooth and safe IHT include, a coordinated assumption of team management responsibility for the patient on arrival, physician-to-physician and/or nurse-to-nurse communication to review patient condition, the treatment plan, and resources availability during emergency/ unexpected situation. The receiving team must be familiar with the equipment used on the transport and be experienced with management of emergency airways, ventilation, and resuscitation. The Joint Commission requires that handoff communication between licensed providers during IHT be standardized and implemented for the safe patient transfer. [64] Handoff communication should address issues related to patient monitoring, assessment, and potential intervention should it be required in case of emergency or when the unexpected occurs. [4] Should an emergency or unexpected event occur during IHT or at the receiving destination, emergent management according to the order of ABCs (i.e., airway, breathing, and circulation) should be initiated. According to the guidelines of American College of Critical Care Medicine, a blood pressure monitor, pulse oximetry, and cardiac monitor/defibrillator should accompany every high-acuity IHT without exception, in addition to equipment for emergency airway management and an oxygen source to provide for projected needs plus an extra 30-minute reserve. [9] In patients with specialty-specific needs (e.g., trauma, respiratory failure, neurocritical care), capnometry, and further monitoring (e.g., intracranial pressure monitor) may be beneficial, as appropriate.
The minimal requirements in IHT destination locations include suction device, an oxygen source, accessible electric connections, monitoring devices of equal caliber to the ICU, and a readily available "crash cart". [37, 65] In terms of basic resuscitation drugs for cardiac arrest or arrhythmia, inotropes, vasopressors, and anti-arrhythmic medications should be available for the transport.
In addition, a more complete array of commonly used pharmaceuticals, such as sedatives and narcotic analgesics, calcium, and bicarbonate should be available for transportation, and at the receiving location. An ample supply of appropriate intravenous fluids and continuous drip medications should also be ensured. Since most of critically ill patients are on mechanical ventilation, mechanical ventilation equipment should be available at the receiving location as mentioned above.
Comprehensive listings of potential risk factors and preventive measures for IHT-related complications are provided in Tables 3 and 4 .
CONCLUSION
During IHT patients are at risk for significant adverse events, such as airway/pulmonary complications, hemodynamic perturbations (including cardiac arrest), nosocomial infections, acid/base disturbances, and glucose abnormalities. True mortality estimates from IHT are challenging because mortalities resulting from IHT often cannot distinguished from those of the general ICU population. [1, 2] Transportation of critically ill patients should only occur when the benefits of a procedure or diagnostic test outweigh the risks.Moving these patients should only happen when there is appropriate monitoring and other necessary equipment in the presence of trained personnel who are familiar with the care of such patients.
We encourage societies, hospital systems, and departments to promulgate guidelines for IHT-specific care of critically ill patients. Further research on best practices for IHT of these patients should be pursued, thereby allowing for the implementation of targeted prevention and treatment strategies during IHT. [52, 53] Such efforts will ultimately improve overall patient safety and potentially reduce healthcare associated costs arising from preventable complications.
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